Introduction {#s1}
============

Cirrhosis and its complications are a major cause of morbidity and mortality at the community level. Liver has a homeostatic role in the body's immunity and cirrhosis due to any etiology disrupts this homeostasis. Cirrhosis-associated immune dysfunction (CAID) is the acquired alteration of both innate and acquired immunity[@b1] and leads to immunodeficiency as well as systemic inflammation,[@b2] ultimately leading to around 30% mortality.[@b3] Immunodeficiency in cirrhosis is due to derangement of local immunity of liver and of systemic immune cells. The systemic inflammation results from persistent immune cell stimulation, leading to production of various proinflammatory cytokines.[@b2]

In the CAID condition, there is enhanced gut translocation of bacteria that can lead to endotoxemia and increased cytokines, thereby resulting in an exaggerated inflammatory host response and increased occurrence of systemic bacterial infection that can progress to septic shock, multiorgan dysfunction and even death.[@b4]--[@b8] Initially, in CAID, there is increased systemic inflammation in stable decompensated cirrhosis, changing to a predominantly immunodeficient state in severe decompensated cirrhosis and acute on chronic liver failure (ACLF).[@b2] The extent of immune dysfunction is directly related to severity of liver injury,[@b3] and the maximum dysfunction is seen in alcoholic cirrhosis.[@b9] Therefore, gaining a comprehensive and precise understanding of this immune dysfunction is necessary for prevention, early diagnosis and proper treatment of infections in cirrhosis to improve chances of patient survival.

Immunity and liver {#s2}
==================

The innate immune system is made of cellular and humoral components, and it contains pattern recognition receptors (PRRs), antimicrobial peptides, immune cells (i.e. macrophages, dendritic cells, natural killer (NK) cells, NK--T cells), the complement system and various cytokines. Human innate immunity has surface and intracellular PRRs that recognize the microbial danger signals by recognizing pathogen-associated molecular patterns (PAMPs),[@b10] microbial-associated molecular patterns (MAMPs)[@b11] or danger-associated molecular patterns (DAMPs),[@b12] after which they initiate an immune response. PAMPs are conserved structures vital to pathogens, but which cannot be mutated by the pathogen in order to escape innate immunity.[@b13],[@b14] They are present in microbes and absent in eukaryotes.[@b13],[@b14] DAMPs, on the other hand, represent damaged cells of the host (i.e. human system) which are a threat to self.[@b12]

PRRs are present in immune cells, as well as in liver parenchymal cells. The recognition of any pathogen molecules by PRRs leads to activation of the complement cascade, cytokines, antimicrobial peptides and dendritic cells, resulting in a complex interplay of pro- and anti-inflammatory responses and immunogenic and suppressive responses in the host.[@b10] Macrophages and dendritic cells are mononuclear phagocytes derived from monocytes and are efficient antigen presenting cells involving the major histocompatibility complex-II (MHC-II) of T cells in the adaptive immune system.[@b15] Macrophages are cells of diverse shape and location. In the liver, they are known as Kupffer cells---flattened cells present in the hepatic sinusoids.[@b15] Adaptive immunity is dependent on innate immunity for its antigen presentation and cytokine production, as without these it will be ineffective.[@b15] Also, monocytes are central mediators of the immune response and secrete interleukin-1 (IL-1) and tumor necrosis factor-α (TNF-α) which are responsible for recruitment of inflammatory cells.[@b16]

Liver is the major source of PRRs in the body, like C-reactive protein (CRP), lipopolysaccharide (LPS)-binding protein, peptidoglycan recognition protein and soluble CD14,[@b17]--[@b19] and it expresses various PRRs, like Toll-like receptors (TLRs), nucleotide binding oligomerization (NOD)-like receptors and RNA helicases.[@b2] TLRs recognize microbes on the cell surface. To date, 10 TLRs have been discovered in humans, and they harbor a common intracellular domain but a unique extracellular domain.[@b20] Liver is the source of mRNA for all TLRs.[@b21],[@b22] Various parenchymal and non-parenchymal cells of liver express various TLRs.[@b23]--[@b25] Also, immune cells of liver express various TLRs. T lymphocytes and NK cells expresses TLR 1, 2, 4, 5 and 9 and B lymphocytes expresses TLR 1, 6, 7, 9 and 10.[@b26] Stellate cells of liver also express TLR4 and 2 as well as CD14 and respond to activation by production of proinflammatory cytokines.[@b27]--[@b30] Kupffer cells (the liver macrophage) are scavenger cells that are exposed to gut-derived bacteria, endotoxins and various microbes and their products. Once activated, they release various cytokines, prostaglandins, nitric oxide and reactive oxygen species, making them actively involved in liver innate immunity.[@b31] Kupffer cells and endothelium of space of Disse express TLR2 following LPS stimulation.[@b32] TLR2 is also accumulated near the hepatocyte plasma membrane after LPS challenge. Liver is also the main source of the complement system, which is responsible for regulation of the immune system and opsonic and cytotoxic activities.

Adaptive immunity is the lymphocyte-mediated immune response against specific microbial agents and is essential for complete and effective immunity in the body. Adaptive immunity is a highly specialized immunity that provides long-lasting protection, and it is the basis for vaccination. The adaptive immunity is acquired during the lifetime of an organism and prepares the body for future challenges. It is mediated by B and T lymphocytes and its profile is specific, diverse and has a memory. The B cells are responsible for humoral immunity, and the T cells are responsible for cell-mediated immunity. Liver contains lymphocytes throughout its parenchyma and portal tracts. In the liver, CD8^+^ T cells are more frequent than CD4^+^ T cells, and memory cells are more frequent than blood cells.[@b10]

Immunological dysfunction in cirrhosis {#s3}
======================================

Innate immune dysfunction {#s3-1}
-------------------------

Cirrhosis affects innate immunity by impairing the synthesis and function of PRRs and various proteins, thus reducing the bactericidal capacity of that body.[@b10] Different PRRs recognize different PAMPs. Among the PRRs, TLRs are most extensively studied and have a major influence in CAID.[@b23],[@b33],[@b34] TLRs have an important role to play in the pathogenesis of various hepatic disorders, such as non-alcoholic fatty liver disease, alcoholic liver disease, viral hepatitis, autoimmune liver disease, hepatic fibrosis and liver cancer.[@b35]

Acquired alteration of TLRs and their signaling pathways are a major mechanism of innate immunity dysfunction in cirrhosis.[@b34] This phenomenon may be due to prolonged exposure of bacteria, its products and PAMPs, as a result of the loss of barrier function related to loss of tight junctions, widening of intercellular spaces (which increases the gut translocation), presence of toxic agents (i.e. ethanol) and by their production by damaged hepatocytes.[@b36] Gut flora can promote alcoholic liver disease by activating TLRs but this process can be reduced by altering the gut microbiota by administration of antibiotics and probiotics.[@b37]

Recent studies have shown that hepatitis B e antigen (HBeAg)-positive chronic hepatitis B (CHB) patients show down-regulation of TLR2 and that HBeAg-negative CHB patients show up-regulation of TLR2, suggesting its expression may be responsible for rapid progression of disease in the HBeAg-positive CHB patients.[@b38] Functional impairment of TLR2 and TLR4 is one of the major reasons for immune dysfunction and risk of infection in cirrhotic patients.[@b39] Both of these TLRs activate nuclear factor kappa β (NFKβ) in liver cells.[@b40] Studies have shown decreased TLR2 function in early cirrhosis[@b41],[@b42] but decreased TLR4 function in advanced cirrhosis only.[@b41],[@b43]--[@b46] A study performed by Nischelke *et al*.[@b47] has shown that TLR2 polymorphisms and NOD2 variants increase the susceptibility for spontaneous bacterial peritonitis (SBP) in patients with cirrhosis with ascites. Both of these defects were also found to be associated with reduced levels of NFKβ activation, which would lead to decreased activation of proinflammatory cytokines. Further studies by Bruns *et al*.[@b48] have shown an increased risk of SBP in cirrhotics carrying the TLR2 R753Q polymorphism, in particular. Guarner-Argente *et al*. also showed that patients with the TLR4 D299G polymorphism had more infections and bacteremia.[@b49]

Impaired monocyte function is also a contributor to CAID, leading to defects in chemotaxis, phagocytosis, superoxide degeneration and production of lysosomal enzymes.[@b50]--[@b53] Immune paralysis, which is defined as decreased human leukocyte antigen-D related (HLA-DR) expression of monocytes, is a well-known feature in ACLF and septic shock but it was recently found also in patients with liver cirrhosis.[@b16] Immune paralysis is characterized by increase in anti-inflammatory cytokines, like IL-6 and IL-10, and suppression of proinflammatory cytokines, like IL-1 and TNF-α.[@b17],[@b44],[@b45],[@b54] Immunomodulator agents such as the granulocyte macrophage colony-stimulating factor (GM-CSF) and interferon-gamma (IFN-γ) can improve monocyte functions and should be investigated further.[@b17] Endotoxemia, possibly through an IL-10-mediated mechanism, contributes to down-regulation of HLA-DR in cirrhotic patients.[@b45] These low HLA-DR expressing monocytes have decreased production of proinflammatory cytokines, such as TNF-α, and nitric oxide synthetase as well as allostimulatory activity.[@b45] Avi *et al*.[@b53] has shown decreased monocyte function in liver cirrhosis as measured by phagocytosis and killing of *Candida albicans* and *Candida pseudotropicalis*. Monocytes consist of the classical CD14^+^CD16^−^ types and the non-classical CD14^+^CD16^+^ types. In chronic liver disease patients, there is marked increase in non-classical CD14^+^CD16^+^ subsets, and this occurrence correlates with collagen-producing hepatic stellate cell activation, proinflammatory cytokines expression and clinical progression.[@b55] Low lymphocyte-to-monocyte ratio has been postulated as an independent prognostic marker in liver cirrhosis.[@b56]

CD163 is a specific marker for macrophage activation and is shed into the circulation in a soluble form (sCD163).[@b57] In cirrhosis, it increases in conjunction with increasing Child-Pugh score and shows a strong correlation with the hepatic venous pressure gradient and thus with portal hypertension.[@b58] Waismann *et al*.[@b59] has demonstrated sCD163 as an independent risk factor for death and variceal bleeding in cirrhotic patients, raising the possibility of its development as a new pharmacological target in the future. Studies have shown that peritoneal macrophages of cirrhotic patients are associated with SBP by producing nitric oxide and angiogenic peptides.[@b60]

Monocyte chemoattractant protein-1 (MCP-1) plays an important role in CAID. Its level is increased in ascites of cirrhotic patients as compared to controls, and it plays a major role in development and course of SBP. Erwin *et al*.[@b60] demonstrated that in patients with alcoholic liver cirrhosis the 2518 MCP-1 genotype AA is a risk factor for development of SBP. Moreover, Muhlbauer *et al*.[@b61] has shown that inheritance of the 2518 MCP-1 G allele predisposes patients infected with the hepatitis C virus to more severe hepatic inflammation and fibrosis. Finally, Tonan *et al*.[@b62] reported that Kupffer cell dysfunction contributes to the pathogenesis of non-alcoholic steatohepatitis, as CD14-positive Kupffer cells increase along with increase in necroinflammation grade and fibrosis stage.

Neutrophils, which are the first-line of defense against bacterial infection, are also impaired in cirrhotics. On the one hand, this creates an impaired ability to deliver neutrophils to the infective focus, while, on other hand, this generates a reduced phagocytic activity of the neutrophils as compared to those in the healthy population. Liver is the main site of clearance of various cytokines, like IL-1, IL-3, IL-6, TNF-α, transforming growth factor-β (TGF-β), IFN-γ etc. In cirrhosis, however, liver is unable to clear the cytokines, which can lead to persistent activation of peripheral blood neutrophils[@b63] and subsequently impair the neutrophilc functions like migration and phagocytosis.[@b64] Also, increased endotoxin absorption and bacterial translocation (BT) leads to persistent elevation of cytokines. Removing endotoxins *in vitro*[@b65] and reducing endotoxemia *in vivo* with probiotics[@b46] improves polymorphonuclear leukocyte function in cirrhosis. Fiuza *et al*.[@b66] demonstrated that cirrhotic patients exhibit deficient transendothelial migration and G-CSF enhances neutrophil transendothelial migration.

Recent studies have demonstrated that G-CSF therapy mobilizes CD34^+^ cells and improves the survival of ACLF patients.[@b67],[@b68] G-CSF therapy also significantly improved the rate of 2-month survival, reduced the Child-Turcotte-Pugh, model for end-stage liver disease, and sequential organ failure assessment scores, and prevented the occurrence of sepsis, hepatorenal syndrome and hepatic encephalopathy.[@b67]

Adaptive immune dysfunction {#s3-2}
---------------------------

Adaptive immune dysfunction is also common in cirrhotic patients. The various defects in B and T cell functions in alcoholic liver disease have been known for a long time. Nourieta *et al*.[@b69] demonstrated a broad defect of T cells and hyperactivity of B cells in patients with alcoholic liver disease. Specifically, these patients have circulating IgG and T lymphocytes that recognize epitopes against lipid peroxidation-derived antigens and are associated with an increase in hepatic production of proinflammatory cytokines and chemokines. Doi *et al*.[@b70] reported that memory CD27^+^ B cells were reduced in the peripheral blood of patients with cirrhosis, independent of etiology, and that this reduction led to impaired TNF-β and IgG production, vaccine hyporesponsiveness and susceptibility to bacterial infection.

The Th1/Th2 lymphocyte ratio is important, as Th1 expresses antifibrotic cytokines and Th2 expresses profibrotic cytokines. In cirrhosis, CD8^+^ cells are elevated, thereby decreasing the CD4^+^/CD8^+^ cell ratio and favoring the fibrogenic process.[@b10] A study performed by Marquez *et al*.[@b71] showed intense derangement of monocytes and T cells of the immune system in patients with liver cirrhosis. Importantly, there is prolonged activation of T lymphocytes as a result of the prolonged antigenic stimulus in cirrhosis. Activated CD4^+^ and CD8^+^ lymphocytes show increase in apoptosis markers and activation-induced cell death (AICD), presumably made in order to maintain lymphocyte homeostasis. Compared with healthy controls, cirrhotic patients show higher expression of the apoptosis marker CD95^+^ in their memory cell population.[@b10] These T cells are unable to proliferate after new antigenic load, which leads to immunosuppression secondary to exhaustion of the adaptive immune response. The various mechanisms of immune dysfunction described herein for cirrhosis are presented in [Fig. 1](#f01){ref-type="fig"}.

![Mechanisms of immune dysfunction in cirrhosis.](JCTH-5-50-g001){#f01}

It is long known that serum IgA level is enhanced in alcoholic liver disease, but the exact mechanism causing it remains to be fully elucidated.[@b72] Silvain *et al*.[@b73] demonstrated that altered Fc alpha R expression in monocytes leads to receptor saturation and increases the absolute level of IgA and IgA immune complex, due to defective clearance in alcoholic cirrhosis. Massonnet *et al*.[@b74] demonstrated that enhanced IgA production by CpG led to activation of B cells in alcoholic liver cirrhosis, compared to the mechanism observed in healthy donors, and this was due to the intrinsic ability of these cells to produce more IgA.

Complement system and cirrhosis {#s4}
===============================

The complement system plays an important role in both innate and adaptive immunity, and protects the body from microbial infections. Hepatocytes are the major source of synthesis of complement factors. Low opsonin activity and reduced C3 complement level increases susceptibility to infection in cirrhotic patients.[@b75],[@b76] Reduced C3 and C4 complement levels are observed in cirrhotics, and this phenomenon is due to decreased synthesis as a result of liver dysfunction and increased consumption of the factors due to persistent complement activation.

Hillebrand *et al*.[@b77] has demonstrated a critical role of C5 and C5aR in the pathogenesis of liver fibrosis. Immunocytochemistry studies have shown that expression of C5aR1 significantly increased on hepatic stellate cells during transformation to myofibroblast. Also, Strey *et al*.[@b78] has found C3a and C5a to be essential for liver regeneration. In C3 and C5 knock-out mice, liver regeneration was severely impaired and was restored after reconstitution with the factors.[@b78] Increased susceptibility of *Pneumococcus pneumonia* in cirrhosis has also been demonstrated due to insufficient deposition of complement C3 on the surface of lungs.[@b79] Altotjay *et al*.[@b80] has found mannose-binding lectin (MBL) deficiency to be associated with higher infection rate in liver cirrhosis. Moreover, significant reduction in MBL levels were observed in advanced cirrhosis, and levels \<100 ng/mL were associated with more bacterial infection in cirrhosis.[@b80]

Bacterial translocation {#s5}
=======================

BT is migration of bacteria or their products (i.e. lipopolysaccharides, peptioglycans, muramyl dipeptides, bacterial DNA) from intestinal lumen to mesenteric lymph nodes (MLNs).[@b81] BT is increased in cirrhotics.[@b5],[@b6] It has also been associated with the occurrence of SBP.[@b5],[@b6] Pathological BT has been characterized as the 'Achilles heel' of cirrhosis.

Factors leading to increased BT in cirrhotics are impaired humoral and cellular immunity,[@b82] portosystemic shunting of blood,[@b83] decrease intestinal mobility,[@b82] increased intestinal permeability[@b84] and bacterial overgrowth.[@b85] Studies have shown that after administration of radiolabeled *Escherichia coli* to cirrhotic rats, the bacteria are found not only in the gut lumen but also in the MLNs and ascites.[@b86] Also, same bacterial species have been grown in ascites and MLNs from rats with cirrhosis.[@b87]

Due to portosystemic shunting, there is reduced liver clearance of gut-derived bacteria and their products from the portal circulation. There is also reduced intestinal mobility in cirrhosis due to prolonged orocecal time, which is mainly due to increased pylorocecal transit time.[@b88] Chang *et al*.[@b89] have shown that cirrhotics with a history of SBP have more severe small intestinal motility dysfunction. Motor abnormalities have been observed in the small intestine, including changes in contraction pattern and increase in mean duration of the migratory motor complex.[@b90]

TLR2[@b48] and NOD-2[@b91] mutations have been linked with BT and SBP in cirrhosis. NOD-2 protein recognizes bacterial products and stimulates an immune reaction to limit the entry of bacteria across the gut by activation of NFKβ signaling.[@b91] NOD-2 gene polymorphism has been described an important genetic risk factor for BT and SBP and also for reduced survival in western populations.[@b91] Permeability of the intestinal wall is increased in cirrhosis and is one of the contributory factors for the development of SBP and hepatic encephalopathy. Permeability of the gut wall may be affected by edema of splanchnic tissue, due to congestion of the venous and lymphatic systems.[@b92]

Keshavarzian *et al*.[@b93] has shown that chronic liver injury in heavy drinkers is associated with leaky gut, as evidenced by increased urinary sucrose excretion after oral administration. A similar result has been reported by Toh *et al*.[@b94] after oral phenolsufonphthalein absorption test in patients with liver cirrhosis. Campillo *et al*.[@b95] has shown that impairment of the intestinal function barrier is related to severe septic complications in cirrhosis. Paramo *et al*.[@b96] studied the role of propranolol in cirrhotic rats with ascites and found that it increases intestinal motility and decreases the bacterial overgrowth and translocation; thus, it may serve to prevent SBP in cirrhosis. Finally, a meta-analysis performed by Senzolo *et al*.[@b97] has also concluded that beta-blockers have a role in preventing SBP in cirrhosis; although, randomized controlled trials in humans are still needed to confirm this finding.

Gut microbiota in cirrhosis {#s6}
===========================

The gut and liver are in constant touch with each other, through the portal vein. The fecal microbiota in cirrhosis differs from that of the healthy population. In cirrhosis, there is change in the bacteroides/fermicutes ratio and more prevalence of pathogenic microbes like the *Enterobacteriaceae* and *Streptococcaceae*, as well as less prevalence of beneficial microbes like the *Lachnospiraceae*, and it may affect the prognosis.[@b98] The change in the microbiota in cirrhosis disturbs the intestinal immune homeostasis, favors BT and impairs the host defense against them, and contributes to the development of hepatic encephalopathy (HE), SBP and variceal bleeding.[@b99] These disturbances in gut microbiota lead to various bacterial complications in cirrhosis. Though antibiotics are the main therapeutic strategy, experimental studies are ongoing to investigate the use of pre-, pro-, symbiotic and fecal microbiota transplantation in patients with decompensated cirrhosis.[@b99] Reshaping the microbiota in a beneficial manner may help to prevent complications of cirrhosis in the future.

Bacterial infections in cirrhosis {#s7}
=================================

There have been drastic improvements in the management and prognosis of cirrhotic patients in the last few decades, but the rate of mortality due to infectious complications has not changed much. Bacterial infections are common in cirrhotics and are responsible for death in 30--50% of these patients.[@b3] The most susceptible subset are those with alcoholic cirrhosis.[@b82] Gram-negative enteric bacteria like *E. coli*, *Klebsiella*, Enterobacter species etc. are the most common causes and responsible for 75% of cases. Gram-positive bacteria like *Staphyloccocus* is responsible for around 20%, and anaerobes for around 3% of cases.[@b100] Infection rates in hospitalized patients with cirrhosis are 4- to 5-fold higher than those among the general patient population.[@b101] The most common infections that occur in these patients are represented by SBP (25--31%).[@b100] Other common infections are urinary tract infections (20--25%), pneumonia (15--21%), bacteremia (12%) and soft tissue infections (11%).[@b100]

For SBP, intravenous antibiotics for 5 days, intravenous albumin (to reduce the incidence of renal impairment) and long-term oral antibiotic prophylaxis (to prevent further episodes of SBP) is the standard of care. Multidrug-resistant organisms are also a concern now. In one of the large prospective trials, carried out by Fernandez et al.,[@b101] multidrug-resistant bacteria (18%) represented 4%, 14% and 35% of the community-acquired, healthcare-associated and nosocomial infections, respectively. Extended spectrum beta lactamase was the most common multidrug-resistant organism, followed by *Pseudomonas aeruginosa*, and methicillin-resistant *Staphylococcus aureus* and *Enterococcus faecium*. Septic shock and mortality is high in multidrug-resistant infection patients, and it is currently recommended that empirical antibiotic prophylaxis is not effective for nosocomial infections.

Tuberculosis {#s8}
============

The incidence of tuberculosis is increased in cirrhotic patients as compared to the general population, due to the immune dysfunction in the former. In a cohort study carried out in Denmark, the incidence rate of tuberculosis was 168.6 per 1 lakh population and was highest in men over 65 years of age.[@b102] Another study carried out in western India showed the prevalence to be 15 times higher than in the general population; moreover, the authors showed extrapulmonary involvement (e.g. tubercular peritonitis) to be more frequent than in the general population.[@b103]

Fungal infections {#s9}
=================

Cirrhosis also increases the susceptibility to infection with the *Cryptococcus neoformans* fungus, which usually affects patients with acquired immune deficiency syndrome.[@b104] It causes spontaneous peritonitis but with an elevation in lymphocyte count, and is associated with very high mortality due to late diagnosis.[@b105] The probable pathogenetic mechanisms include percutaneous inoculation during paracentesis, gastrointestinal bleeding and BT.[@b106]

Iron overload status and immunity {#s10}
=================================

End-stage cirrhosis can be associated with hepatic iron overload. Excess iron impairs the host immune system. It specifically impairs the cell-mediated immunity by impairing the Th1 response and also the functions of macrophages and neutrophils.[@b107] Furthermore, it increases the CD8^+^ T cell count and reduces the CD4^+^ T cell count and response to common antigens. Ultimately, it increases susceptibility to organisms like *E. coli*, *Vibrio* and *Listeria monocytogenes*.[@b107] Ashraflen *et al*.[@b108] have shown that hepcidin is a link between liver disease and infections in hemochromatosis. Also, these patients are at increased risk of acquiring *Vibrio vulnificus*, with mortality of 50--60% being reported.[@b109] Non-HFE iron overload has been shown to significantly associate with disease severity and reduced survival in patients with decompensated cirrhosis.[@b110]

Systemic inflammatory response syndrome (SIRS), sepsis and cirrhosis {#s11}
====================================================================

Sepsis is defined as SIRS in the presence of a pathogenic infection or other injury (such as a crush injury) that can trigger the inflammatory immune response. Conventional SIRS criteria has a low sensitivity and specificity in cirrhotic patients, as it can be present in 10--30% without bacterial infections; moreover, these patients present low pulse rate and leucocyte count due to beta blocker therapy and hypersplenism, respectively, which can lead to underestimation of its prevalence.[@b111] In SIRS, there is a cytokine storm with predominance of proinflammatory cytokines like TNF-α, IL-6 and IL-1, which leads to various changes in the coagulation cascade and circulatory system.

Cirrhotic patients are at increased risk for developing SIRS, as they have increased levels of endotoxins, TNF-α, IL-6 and nitric oxide and reduced levels of protein C and coagulation factors.[@b8] SIRS is the cause of around 10% of hospital admissions among this patient population. In addition, SIRS occurs in patients with advanced cirrhosis and is correlated with death and portal hypertension-related complications such as HE, variceal bleeding and renal failure. Bacterial-derived toxins (i.e. lipopolysaccharides from Gram-negative bacteria and peptidoglycans/lipopeptides from Gram-positive bacteria initiate a cascade of events that lead to a surge of proinflammatory cytokines which are not balanced by anti-inflammatory cytokines, leading to a state of excessive inflammation.

There is also increased production of superoxide from nitric oxide synthase during SIRS, leading to oxidative stress and increased vasodilatation.[@b112] This leads to widespread inflammation and consequently to impaired oxygenation, cell necrosis, apoptosis and finally organ failure and death. It has been shown that cirrhotic patients develop a higher level of proinflammatory cytokines following a lipopolysaccharide challenge as compared to the healthy population.[@b107],[@b108] Prophylactic antibiotics in variceal bleeding, albumin in SBP and early diagnosis and treatment of bacterial infection are needed to improve outcome for sepsis and SIRS in cirrhosis.

The roles of biomarkers, CRP and procalcitonin have been studied in cirrhotic patients and found to be beneficial for detecting sepsis. Procalcitonin is an emerging biomarker of bacterial infection in these patients, and randomized controlled trials have found benefit in its use for detecting infection in these patients.[@b113] Li *et al*.[@b114] studied the role of procalcitonin involving bacterial infection in cirrhotics and has found its sensitivity and specificity to be 81.5% and 87.3%, respectively. Procalcitonin appears to be a better diagnostic marker than SIRS for detecting bacterial infection in the cirrhotic population. Elevated levels of procalcitonin and CRP have been shown to correlate with the outcome of sepsis in cirrhotics.[@b111] CRP levels remain persistently elevated in the majority of patients, despite resolution of the bacterial infections.[@b111] The role of newer markers of acute phase reactants, such as lipopolysaccharide-binding proteins, sCD14, mid-region proadrenomedullin etc., still need to be studied in the cirrhotic population.

ACLF is a distinctive entity involving both acute and chronic insults to the liver and has a high short-term mortality. Host immune dysregulation is probably the leading factor in determining the severity of ACLF and its outcome.[@b10] Host immune dysregulation is usually precipitated by bacterial infection, superimposed with other hepatotropic viruses, alcohol or drugs. In ACLF there is an imbalance between the exaggerated pro- and anti-inflammatory responses (i.e. between the systemic inflammatory response and the compensatory anti-inflammatory response). Prolonged immune paralysis predisposes an individual to sepsis, which increases the pro-inflammatory responses and results in a vicious cycle.[@b115]

To conclude, CAID is a complex phenomenon involving multiple mechanisms and leading to various complications. Gradually, researchers have been able to explore the underlying pathophysiology behind it by understanding the exact defect in each immune cell type and in systemic immunity. Cirrhosis is an immunocompromised state accompanied by a higher predisposition to various infections, most common of which are the Gram-negative bacteria. Increased BT due to reduced intestinal motility and increased intestinal permeability is an important etiological factor for CAID.

Knowing the various defects in host immune system afflicted by CAID is of utmost importance for our attempts towards gaining a precise understanding and developing new diagnostic and therapeutic tools that will reduce the morbidity and mortality. There remain an unmet need for making a scoring system that includes the various clinical and biochemical markers and/or a specific biomarker which can identify that subset of cirrhotic patients which is most at risk of immune dysfunction and infection at an early stage. Despite there being an overall better understanding of various mechanisms of immune dysfunction in recent years, further research is needed to develop an effective preventive strategy to prevent its complications.
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